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ARTICLE INFO ABSTRACT 
Article history: This paper aims to understand the determinants of the adoption of wood pellet technology for home 
Received 20 December 2010 heating to identify possible strategies against the slow diffusion of wood pellet in Norway. A mail sur- 


Accepted 13 March 2011 vey of 737 Norwegian households was conducted in 2008, involving wood pellet adopters and non-wood 


pellet adopters as respondents. An integrated model combining psychological factors (such as intentions, 
Keywords: . attitudes, perceived behavioral control, habits and norms), perceived wood pellet heating characteristics, 
Waod pellet heating and ecological and basic values is applied to predict the installation of a wood pellet stove retrospectively. 
ES a e Results from a path analysis gain empirical support for the proposed integrated model. Wood pellet heat- 

ing adoption is mainly predicted by a deliberate decision process starting with the evaluation of heating 


are characteristics system characteristics, mediated by attitudes and intentions. A lack of perceived behavioral control and 
Path analysis behavioral lock-in pose relevant barriers to the adoption process. The influence of norms and values are 
indirect and only minor in the given market conditions. Therefore, focusing on values or norms should not 
be of highest priority at the moment, whereas improvement of the subjective evaluation of the functional 
reliability and the costs related to wood pellet heating should have first priority. The small but signifi- 
cant influence of habitual decision making indicates that presenting alternatives and increase decisional 
involvement could be other promising strategies to reduce cognitive lock-in in decision-making. 
© 2011 Elsevier Ltd. All rights reserved. 
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1. Introduction 
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E-mail addresses: bertha.sopha@ntnu.no, bertha- mamun@yahoo.com Successful diffusion of new technology requires more than just 


(B.M. Sopha). B 7 É oie 
2 The sample used for the present study is to a large extent identical to the sample a good new product and a marketing strategy. Consumers’ decision 


used for the study reported in Sopha et al. [50]. However, the analysis in the present making is an important part of this process and deeper understand- 
study is built on different variables. ing of determinants of such a decision lacks often. The aim of the 
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present study is to provide a more holistic understanding of mech- 
anisms in the adoption of wood pellet heating in Norway. Heating 
in the residential sector is an important area to target with respect 
to energy use. Whereas air conditioning is a main driver of energy 
use in regions of the world with warm climate, home heating is 
a significant contributor to energy consumption in regions with 
rather cold climate. In Norwegian households for example home 
heating constitutes the largest share of energy consumption in the 
private sector and accounts for approximately 50% of an average 
household's energy use [1,2]. 

Due to the public investment in hydropower between 1960 and 
1990 and low electricity prices in the subsequent years the dom- 
inant residential heating system in Norway nowadays is electric 
heating. It might be argued, that with respect to CO2-emissions 
the use of electricity for heating is unproblematic if the source 
is hydropower, but the strong focus on electricity as the primary 
source for heating has recently lead to problematic situations 
in Norway: electricity supplied from hydropower is significantly 
affected by precipitation. When there is low precipitation, for 
instance in the winter of 2002-2003, so that energy production 
cannot meet the demand, Norway becomes a net importer of 
energy. While the Norwegian production of electricity is almost 
100% regenerative, the imported energy is generated from various 
sources including nuclear power and fossil fuel. This is especially 
problematic when periods of low precipitation overlap with peri- 
ods of high demand - such as in the unusually cold and dry 
winter during the first three months of 2010. Electricity prices 
peaked (the development of electricity prices can be checked at 
http://www.nordpoolspot.com/) and the demand for alternative 
heating sources such as ordinary wood stoves increased signifi- 
cantly. 

According to Jamasb and Pollitt [3], diversification is the most 
common suggestion in order to reduce overdependence on par- 
ticular types of energy supply. However, with respect to climate 
change this diversification should occur with the least possible 
impact on CO emissions. Therefore, a combination of different 
approaches seems to be useful: (a) extending and diversifying the 
production of sustainable electricity, for example by implementing 
new hydropower plants, raising efficiency in existing plants, and 
extending the use of other sources of electricity (wind turbines, 
wave or tidal power plants, etc.); (b) increasing energy efficiency 
on the user side and reducing energy demand; (c) implement- 
ing heating sources which utilize available alternative sources of 
energy. Norwegian government has thus supported alternative 
heating systems for households to reduce electricity consumption 
and to diversify the heating supply for domestic households. This 
paper focuses only on the last of the three strategies: implement- 
ing alternative heating technologies into the Norwegian market. 
Despite market interventions, the diffusion of wood pellet heating 
has however been rather slow in comparison to other new heating 
technologies like air-to-air-heat pumps. It was reported that only 
3 out of 1000 households had pellet stoves installed in 2006 [4]. 

Although studies of wood pellet heating are very limited, some 
studies have already investigated the diffusion of wood pellet heat- 
ing in different countries, i.e. Sweden, Finland, Austria, Denmark 
and Norway [5-10]. Those studies shared common insights in the 
sense they identified various factors contributing to the slow diffu- 
sion of wood pellets, such as fuel price, high investment cost, lack 
of technology and service. None has been done however in terms 
of decision process. 

In other behavioral domains like transportation, recycling, 
water conservation, eco-labeled products, and fuel choice, the 
study of choice processes has however, been successfully applied 
to promote more sustainable behavior alternatives (e.g. Johns et al. 
[11]). A comprehensive study of choice processes with respect to a 
residential heating system is, however, still lacking. 


The present study, therefore, attempts to reveal psychological 
factors underlying the adoption of wood pellet heating in Nor- 
wegian households. It is, therefore, necessary to identify relevant 
barriers to or determinants of behavioral change in order to achieve 
changes in the desired way. The present study is not to research 
the optimal balance of heating systems in Norway, i.e. the authors 
do not claim that an extremely high adoption rate of wood pellet 
heating is desirable both from an environmental and economical 
perspective. The aim is to understand factors contributing to the 
underutilization of a specific system in a market where diversi- 
fication would be beneficial. The substantial bio-energy resources 
available in the form of residues from the Norwegian wood industry 
makes wood pellet heating especially interesting for the Norwe- 
gian market. The basic mechanisms, however, also apply to other 
underutilized heating systems and the situation in other countries. 


2. Theoretical background 


Consumer choices have been extensively studied in economic, 
psychological and sociological research. In the area of residen- 
tial decision making on energy use, Wilson and Dowlatabadi [12] 
reviewed theoretical models from four research fields: (a) conven- 
tional and behavioral economics, (b) technology adoption theory 
and attitude-based decision making, (c) social and environmen- 
tal psychology, and (d) sociology. Also Nyrud et al. [13] analyzed 
the perception of bio-energy heating in Norway and used a model 
that included both psychological and system related factors. A sim- 
ilar interdisciplinary approach is followed in this section which 
outlines relevant theories related to energy related decision mak- 
ing. Three different perspectives are taken to explain adoption of 
alternative heating systems, one approach analyzing technology 
characteristics as the main driver, one analyzing psychological vari- 
ables behind environmental behavior, and one analyzing values as 
predictors of pro-environmental choices. In the last part of this sec- 
tion an integrated model is proposed that will be tested on data of 
a Norwegian household sample. 


2.1. Technology characteristics predicting adoption 


Rogers’ Diffusion of Innovation framework [14] which is based 
on more than 1500 individual studies emphasized that the speed 
with which individuals pass through the innovation-decision 
process is partially dependent upon the their perception of an 
innovation’s characteristics. Rogers described five such character- 
istics: (a) relative advantage compared to conventional products, 
(b) compatibility with existing values, past experiences and needs 
of potential adopters, (c) complexity of the system, (d) trialabil- 
ity of the new product, and e) observability of the innovation 
in the market. Perceived innovation characteristics determined 
the adoption and rejection of information technology applications 
in many studies (e.g. Jeyaraj et al. [15]). Rogers’ framework also 
applies to environmental innovations such as environmental heat- 
ing systems. Tapaninen et al. [16] were able to show that perceived 
technology characteristics influenced customers’ adoption of wood 
pellet heating in Finland. In addition, Kasanen and Lakshmanan 
[17] identified costs in terms of annual cost and investment cost as 
important in adopting a heating system. Another study on the dif- 
fusion of wood pellet heating in Sweden [5] recognized that annual 
heating cost, functional reliability, investment cost and perceived 
indoor air quality were the most important factors when choosing 
a heating system. Nyrud et al. [13] found that characteristics of the 
heating system such as perceived comfort, perceived efficiency, and 
reliability were the most important predictor of satisfaction with a 
new wood stove. 
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Based on former studies regarding heating system choice [5,17], 
the present study operationalized the specific wood pellet heat- 
ing characteristics as follows: total cost (investment and operation 
cost), functional reliability, maintenance/operation work, indoor 
air quality and fuel supply security in term of price stability. Some 
of the characteristics proposed by Rogers [14] are discussed in the 
following sections (past experience, values). 


2.2. A psychological approach — the Comprehensive Action 
Determination Model (CADM) 


Psychology has provided a large body of research on why people 
make choices based on a number of factors including norms, atti- 
tudes, intentions, habits, and the perceived ability to act. Several 
models have been suggested to explain psychological processes 
preceding behavior (e.g. [18-20]). Nyrud et al. [13] used factors 
described in the theory of planned behavior [18] to predict peo- 
ple’s inclination to continue using wood stove heating. Due to the 
explorative nature of the present study, the Comprehensive Action 
Determination Model (CADM) proposed by Klöckner and Bl6baum 
[21] was selected as the basis for the present study as this model 
offers its holistic approach to account for a large variety of pre- 
dictors of behavior. It combines basic assumptions of the theory of 
planned behavior [18], the norm-activation theory [19], the ipsative 
theory of behavior [20], findings about the influence of routines and 
habits on environmental behavior [22] and previous attempts to 
integrate the respective theories [23,24]. The following paragraph 
gives a short summary of the basic assumptions of the model (for a 
discussion of the theoretical background of the model consider the 
original paper). 

The CADM proposes three direct predictors of behavior: inten- 
tions, habits, and perceived behavioral control. Intentions capture 
the deliberate part of the decision making progress. An intention 
is the person’s feeling of being ready and wanting to perform a 
behavior - in our example buying a wood pellet stove. Perceived 
behavioral control captures a person’s evaluation of his/her abil- 
ity to perform an intended action. Both factors are described in 
the theory of planned behavior [18]. Habits capture the influence 
of behavioral routines and automaticity on behavior. Habits are an 
important predictor of everyday behavior, their influence on singu- 
lar decisions such as installing a heating system should be virtually 
irrelevant. However, as habitual decision making is characterized 
among other things by simplified decision rules a strategy of not 
searching for information but just relying on the already known 
heating system when a decision is due can be considered “habitual” 
on a very abstract level. Furthermore, a more general perspective 
might be taken by considering behavior “habitual” if some form of 
cognitive lock-in can be detected. Johnson et al. [25] demonstrated 
that familiarity with one online shop - created by learning how to 
use it in the past — reduces the probability of trying an alternative. 
This creates loyalty and a lock-in phenomenon that excludes pos- 
sible competitors. A similar phenomenon has been demonstrated 
by Garling et al. [26] in an experimental study of a fictitious energy 
market. It is though reasonable to assume that also familiarity with 
one type of heating system (most likely electric heating) may cre- 
ate a cognitive lock-in situation and loyalty towards the established 
heating system. This phenomenon might act in a comparable way 
to habits in everyday behavior by reducing the search for and use 
of information about alternatives [27]. 

On the second level of the model, intentions are predicted by 
the person’s attitudes towards the behavior, perceived behavioral 
control, social norms, and personal norms. A similar set of pre- 
dictors was also described by Bamberg and Moser [23] for other 
types of pro-environmental behavior. Attitudes - which are the 
general evaluation of activated beliefs about the behavior and its 
alternatives - summarize if a person perceives a certain behavior 


to be positive. Perceived behavioral control does not only influ- 
ence behavior but also intentions because people might anticipate 
their limited ability to perform a behavior already before they form 
an intention. Social norms capture the influence of relevant other 
people on a decision or, briefly put, the social pressure. While form- 
ing an intention, people also anticipate what other people expect 
them to do, if those people’s opinion is relevant for them in this 
situation, and how much it would psychologically cost them to act 
against those expectations. Finally, the CADM proposes that inten- 
tions are influenced by personal norms, which are feelings of moral 
obligation to act according to the personal value system. Especially 
in situations which are morally relevant (like helping other peo- 
ple, decisions which have an impact on following generations, etc.) 
the influence of personal norms on intentions should be relevant 
which has been demonstrated by Bamberg and Möser [23]. Those 
personal norms should over time influence also attitudes, because 
they act as a moral reference system in the background of deci- 
sion making that single beliefs might be checked against. Personal 
norms should be related to social norms as a personal value system 
is acquired during socialization by interacting with expectations of 
relevant other people. 

The different components of the model are supposed to vary in 
importance over time, between behavioral domains and between 
cultures. The CADM has already been successfully applied to 
explain travel mode choice [21,28] and recycling behavior [29]. The 
CADM and its theoretical background are discussed in more detail 
in Klöckner and Blébaum [21] and Klöckner [30]. 


2.3. Values and adoption behavior 


As already discussed in the introduction, heating system choice 
has also an environmental dimension which makes the decision at 
least partly an environmental decision. Hardin [31] acknowledged 
that environmental decisions were not only related to questions of 
technical solutions but also to moral responsibility. As environmen- 
tal behavior is considered a moral issue, values as the most basic 
psychological representation of moral implications are explored 
further in the present study as a possible predictor of heating 
system choice. Many studies have shown that value orientations 
are relevant determinants of environmental behavior. A study by 
Clark et al. [32] indicated for example that the bio-altruistic and 
pro-social values were significant factors in predicting participa- 
tion in taking part in a green electricity scheme. Poortinga et al. 
[33] demonstrated the importance of values and worldviews for 
the support of environmental policy measures and energy saving 
behavior. 

Values are understood as ethical principles that an individual 
holds and which guide his/her behavior. Values are stable over time 
and therefore have the power to impact behavior on a very general 
level. The structure of value systems has been extensively stud- 
ied in large world-wide studies and one of the most recognized 
value categorizations traces back to Inglehart [34,35]. Inglehart 
proposes a two-dimensional structure of the most basic values 
(survival vs. self-expression values and traditional vs. secular- 
rational values) which can be further collapsed into one value 
dimension: materialism (high on traditional and survival values) 
vs. post-materialism (high on secular-rational and self-expression 
values). Moral thinking and environmental protection are more 
likely in a post-materialistic value set. Another tradition of value 
research is based on the extensive work by Schwartz and Howard 
[19]. He structured values empirically into ten dimensions which 
are grouped by similarity into a two-dimensional system. The ten 
value types can be grouped into higher order dimensions. One of 
them - self-transcendence which incorporates benevolence and 
universalism - has been shown to be a good predictor of pro- 
environmental behavior [36]. More domain specific value systems 
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have been developed with respect to environmental actions: Dun- 
lap and van Liere [37] introduced an environmental value scale 
known as the “New Environmental Paradigm”, sometimes referred 
to as a worldview [33]. Initially, the scale was supposed to be uni- 
dimensional, however between two and four sub-dimensions have 
been identified by other researchers. Acommon labeling of the sub- 
dimensions is “balance of nature”, “human domination” and “limits 
to growth” [38]. The scale has since its publication gained world- 
wide attention and correlations with environmental behavior have 
been documented (see [39] for a review of 30 years of NEP-scale 
use). 

Although the CADM already includes personal norms as prox- 
imal stand-in for values, the relation to more general value 
orientations is still unclear. The Value-Belief-Norm Theory (VBN) 
developed by Stern et al. [40] attempts to explain how value struc- 
tures of different generality affect environmental behavior. Stern 
et al. [40] proposed a value cascade starting with the most general 
basic value orientation (materialism vs. post-materialism), then 
taking the intermediate steps of domain specific ecological values 
(NEP) and personal norms to behavior. In the present study the 
cascade idea was adopted and basic values were operationalized as 
the degree of post-materialism in line with Inglehart and Abraham- 
son [35]. Three subscales of the New Ecological Paradigm were used 
as operationalization of domain specific values. Self-transcendence 
can be considered on a comparative level as materialism and was 
not included in the study. 


2.4. An integrated approach to explain wood pellet adoption 


The integrated model proposed in the present study combines 
psychological factors (CADM), perceived wood pellet heating char- 
acteristics, and basic and ecological values in (retrospectively) 
predicting the installation of a wood pellet stove. The model is 
displayed in Fig. 1. The heating system characteristics and both 


NEP: NEP: Human 
Balance of nature Limits to growth domination 
[ares ~02" 


Heating system 


characteristics 


Fig. 1. The tested combination of CADM, heating system characteristics, and basic 
and ecological values (post-materialism & NEP) to model the decision for wood 
pellet heating. The displayed numbers are standardized regression weights in a path 
analysis (N= 737). 


basic and domain specific values are not supposed to predict the 
choice directly but mediated by the CADM structure. Values should 
have an impact on behavior that is mediated by personal norms 
as proposed in the VBN [40]. The perceived heating system char- 
acteristics should influence both attitudes (as they become part of 
the behavioral belief system) and perceived behavioral control (as 
they might enhance or reduce the perceived ability to implement 
a heating technology). The hypotheses derived from the integrated 
model are as follows, 


1. The adoption of wood pellet heating is directly predicted by 
three determinants: intentions, habits and perceived behavioral 
control. The influence of habit is however hypothesized to be 
relatively small and only on the level of extremely simplified 
decision strategies understood as a cognitive lock-in because 
the decision on a heating system is not considered as an every- 
day decision. Intentions should therefore have a strong influence 
on the behavior. The influence of social and personal norms is 
indirect and mediated by intentions. 

2. Perceived wood pellet heating characteristics influence the 
choice indirectly, mediated by psychological variables. It is 
hypothesized that these perceived wood pellet heating char- 
acteristics influence the households’ evaluation of wood pellet 
heating (attitudes). Perceived wood pellet heating characteris- 
tics could furthermore act as situational constraints that could 
limit a household’s perceived ability to install a certain type of 
heating system (perceived behavioral control). 

3. It is expected that personal norms mediate the relationship 
between values and intention. Furthermore, personal norms 
should also be influenced by social norms (pressure from rel- 
evant other people). 


3. Method 


A quantitative survey was chosen as the method for assess- 
ing different proposed components in households’ decision making 
regarding wood pellet heating adoption. The final model was tested 
against the empirical data with a path analysis without any data 
driven modifications.! The model was not tested as a structural 
equation model (SEM) with latent variables because most con- 
structs were only measured with one or two indicators which poses 
a potential threat to an SEM analysis due to under-determination 
of the latent constructs [41]. The statistical package MPLUS [42] 
was used for the analysis to deal with the dichotomous nature of 
the dependent variable and non-normal distributions of single vari- 
ables (the robust mean and variance adjusted weighted least square 
estimator [WLSMV] was used). Full information maximum likeli- 
hood estimation was applied to deal with missing values. Missing 
values on exogenous variables resulted in a reduction of the sample 
size (see below). 


3.1. Sample? 


The present study was conducted by using a mail survey 
involving 737 Norwegian households. The original sample of 3000 
households was constructed of 50% wood pellet users and 50% non- 
wood pellet users to have a large enough proportion of people that 
made the decision to install a wood pellet stove already. Hence, the 


1 A residual covariance was modeled for the three sub-dimensions of the NEP 
scale to cover the theoretical discussion that they might constitute one dimension 
only. 

2 The sample used for the present study is to a large extent identical to the sample 
used for the study reported in Sopha et al. [50]. However, the analysis in the present 
study is built on different variables. 
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sample of the present study is not representative for the Norwegian 
population because of the overrepresentation of wood pellet users. 
The wood pellet group represented almost the complete population 
of wood pellet adopters in Norway. The non-wood pellet group was 
drawn as a random sample from the population register. Only house 
owners were chosen as respondents because they had the author- 
ity to make decisions about heating systems independent of other 
parties. The unit of analysis in our study is the household because 
a decision regarding a heating system is usually made on house- 
hold level. One member of the household was asked to answer the 
paper-pencil questionnaire and the household members were left 
to decide who is most qualified. 

The questionnaires were sent by mail in autumn 2008. After 
three weeks, the response rates in the wood pellet and non-wood 
pellet group were 34.6% (519 questionnaires) and 10.3% (154 ques- 
tionnaires), respectively. A reminding letter containing another 
copy of the questionnaires was mailed after three weeks. 150 addi- 
tional responses from the wood pellet group and 137 from the 
non-wood pellet group were received after the reminder. This 
resulted in a response rate of 44.6% (669 responses) for the wood 
pellet group and 19.4% (291 responses) for non-wood pellet group. 
Several respondents did not answer the entire questionnaire, and 
therefore the response rate varies for each question. Participants 
with missing values in exogenous variables had to be excluded 
from the study so that the final analysis is based on a sample of 
737 participants (542 wood pellet users and 195 non-wood pellet 
users). 

A Chi2 test was conducted to test if the distribution of the 1500 
non-wood pellet households in the random sample deviated sig- 
nificantly from the regional distribution of all households in the 
19 administrative regions in Norway without a significant result 
(Chi? = 17.633; df=18; p=0.480). In other words, the composition 
of the original sample of non-wood pellet users was representative 
for the Norwegian population by region. Even though it is not the 
case for the wood pellet users (Chi? = 488.028; df=13; p<0.001), 
the sample for wood pellet users is representative for the Norwe- 
gian wood pellet users as it accounts for roughly 80% of all wood 
pellet users in Norway. 

To test possible self-selection effects, a Chi? test was also per- 
formed for both groups to compare the original and the response 
sample by region. The tests revealed that there was no statistical 
difference between the original samples and response samples for 
wood pellet users (Chi? = 2.031; df=13; p=1.000) and non-wood 
pellet users (Chi? =8.689; df=18; p=0.967). Thus, a self selection 
bias could not be found with respect to regional distributions. 
Other data on the original population to test self-selection bias 
in the response samples was not available. It might, therefore, be 
possible that self-selection processes resulted in an undetected 
bias, especially as the response rate in the two groups was differ- 
ent. 


3.2. Measures 


The dependent behavioral variable “choice of a wood pellet 
heating system” was operationalized using membership in one of 
the two groups in the sample, coded 1 as wood pellet and O as 
no wood pellet use. The group membership therefore represents a 
real choice of wood pellet heating adoption; the decisional pro- 
cess however is only retrospectively analyzed and the point in 
time when the households made the decision is unknown and 
most likely varying. Personal norm (PN), attitudes (ATT), perceived 
behavioral control (PBC), and intention (INT) were measured with 
two items each adopted from the work of Klöckner and Bl6baum 
[21] modified with respect to heating system choice and then 
translated to Norwegian. Habit (HAB) was in the present study 
operationalized as utilizing a strategy of repeating the decision for 


Table 1 
Means and standard deviations of the variables in the path analysis, Cronbach’s 
alpha is given where the variable is the sum score of at least two items (N= 737). 


M SD Cronbach’s alpha Range of score 

INT 10.23 3.87 0.92 2-14 
HAB 0.15 0.36 Single item (dichotomous) 0/1 

PBC 10.98 3.25 0.77 2-14 
ATT 10.60 3.20 0.82 2-14 
PN 9.50 2.90 0.82 2-14 
SN 2.39 1.07 Single item 1-6 

SSEC 8.41 2.97 0.82 2-14 
WORK TAL 3.22 0.74 2-14 
FR 10.62 2.69 0.85 2-14 
IAQ 9.87 2.56 0.51 2-14 
COSTS 7.12 3.19 0.66 2-14 
NEPgon 8.34 1.62 0.63 2-10 
NEP{t¢ 8.01 1.75 0.67 2-10 
NEPup 4.78 2.17 0.71 2-10 
PMAT 23.15 3.51 0.66 6-30 


the previous heating system by asking the participants whether 
they implement a choice strategy to just rely on their old heat- 
ing system without consideration of alternatives, coded as 1, or 
not, coded as 0. This can be considered a behavioral or cognitive 
lock-in. It has to be noted that the operationalization of habits 
in the present study is therefore not comparable to the measure- 
ment of habits discussed in the paper by Klockner and Bl6baum 
[21]. Social norms (SN) were measured as the estimated degree of 
other people’s influences when the household was making a deci- 
sion (0%, 20%, 40%, 60%, 80%, and 100%). This is again a measure 
that deviates from previous measures of social norms. Indicators 
of functional reliability (FR), required work (WORK), indoor air 
quality (IAQ), total cost (COSTS) and fuel supply security (SSEC) 
were adapted from Moore and Benbasat [43], modified according 
to the needs of the present study and then translated to Norwe- 
gian. The items used can be found in Appendix A. The answering 
scales in the present study were used in accordance with the orig- 
inal studies the items were derived from: a 7-point Likert scale 
from “totally disagree” coded as 1 to “totally agree” coded as 7 
was used on all items except the habits and the social norms item. 
The extent of materialistic or post-materialistic value orientation 
(PMAT) was measured using 6 indicators on a 5-point Likert scale 
and adapted from Vogel [44]. The higher the score is the higher is 
the degree of post-materialism. The New Environmental Paradigm 
(NEP) scales were adopted from Lalonde and Jackson [45] who 
based their scale on the original work by Dunlap and van Liere [37]. 
Each NEP subscale (balance of nature: NEPgon; limits to growth: 
NEP;7c¢; and human domination: NEPyp) was measured by two 
items. For the path analysis sum scores of multi-item constructs 
were calculated. Table 1 displays the basic statistics of the variables 
in the path analysis and internal consistencies of the scales (Cron- 
bach’s alpha). Most scales have an acceptable to very good internal 
consistency; the indoor air quality scale, however, has limited inter- 
nal consistency. Due to the confirmatory nature of the study, no 
regrouping of items was conducted before the path analysis was 
applied. Appendix B displays the correlation of all variables used in 
the path analysis. It has to be noted that some correlations are very 
high (especially between INT, ATT and PBC) which might indicate 
a problem with discriminant validity of the measures. Results of a 
factor analysis conducted during construction of the scales point 
into the same direction indicating that the indicators of INT, ATT 
and PBC load all high on the same factor. As the operationalizations 
of the three variables were chosen in line with standard proce- 
dures we decided not to collapse the scales into one and to keep 
them as they are. A high correlation between these variables that 
are theoretically supposed to have a strong relation might also be 
meaningful. 
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Table 2 
Unstandardized and standardized regression weights, standard errors, p-level and estimated R? of the path analysis (N= 737). 
B SE Beta p R? 
Wood pellet — INT 0.15 0.01 0.48 <0.001°" 
Wood pellet — HAB —0.66 0.15 —0.19 <0.001°" 
Wood pellet — PBC 0.10 0.02 0.29 <0.001*" 
Wood pellet 0.56 
INT —PN —0.06 0.03 —0.05 0.0277 
INT —SN —0.23 0.12 —0.06 0.053 
INT — ATT 0.81 0.04 0.69 <0.001"" 
INT — PBC 0.25 0.03 0.21 <0.001"" 
INT 0.75 
ATT < SSEC 0.09 0.03 0.09 <0.001"" 
ATT — WORK 0.04 0.03 0.04 0.144 
ATT <+ FR 0.27 0.03 0.22 <0.001"" 
ATT -IAQ 0.10 0.03 0.08 0.001" 
ATT < COSTS —0.07 0.03 —0.06 0.007” 
ATT < PBC 0.56 0.02 0.56 <0.001"" 
ATT <+ PN 0.11 0.03 0.09 <0.001*" 
ATT 0.65 
PBC < SSEC 0.09 0.04 0.08 0.0107 
PBC — WORK —0.00 0.04 —0.00 0.942 
PBC < FR 0.55 0.04 0.44 <0.001"" 
PBC — IAQ 0.12 0.04 0.09 0.006" 
PBC < COSTS —0.22 0.03 —0.21 <0.001"" 
PBC 0.40 
PN < SN —0.00 0.09 0.00 0.973 
PN <—NEPgon 0.67 0.07 0.37 <0.001"" 
PN <—NEPit¢ —0.03 0.06 —0.02 0.666 
PN —NEPyp 0.05 0.04 0.04 0.198 
PN < PMAT 0.15 0.03 0.18 <0.001"" 
PN 0.22 
NEPgon < PMAT 0.23 0.02 0.50 <0.001"" 
NEPgon 0.25 
NEP tg + PMAT 0.24 0.02 0.47 <0.001"" 
NEPttc 0.22 
NEPyp + PMAT —0.07 0.02 —0.11 0.002” 
NEPup 0.01 
NEPgon <-—> NEPtitc 0.92 0.08 0.46 <0.001*" 
NEPgon <-—> NEPup —0.21 0.09 —0.08 0.021" 
NEPitc <_—> NEPyp —0.01 0.11 —0.00 0.936 
* p<0.05. 
~“ p<0.01. 
“py <0.001. 
4. Results which indicates that the expected three-dimensional structure 


Table 2 and Fig. 1 display the results of the path analysis. All of 
the hypothesized influences show as expected with exception of 
the social norms, two out of three NEP subscales, and the amount 
of maintenance and operational work. The integrated model can 
explain 56% in the variance of underlying continuous probit vari- 
able constituting the choice of wood pellet heating and therefore 
qualifies as a good approach to predict the choice of wood pellet 
heating. The most important predictor of the decision to use wood 
pellet heating is the intention. The influence of perceived behav- 
ioral control is weaker but significant as is the negative influence 
of habits. 

Attitudes are by far the most important predictor of the inten- 
tion to use wood pellet heating followed by perceived behavioral 
control. The influence of perceived behavioral control on inten- 
tions is to a larger extent mediated by attitudes (due to their 
substantial overlap this is not surprising - see Appendix B). The 
influence of personal norms on intention is also mediated by 
attitudes. However, an unexpected negative direct effect of per- 
sonal norms on intention remains. Against our expectations social 
norms are not related to personal norms and intentions. One 
out of three NEP sub-scales (balance of nature) predicts personal 
norms significantly; the others fail to show a direct effect. There 
is, however, a very high correlation between NEPgon and NEP,tc, 


has to be rejected. The degree of post-materialism, as expected, 
has an indirect effect on personal norms, mediated by NEPgon, 
but a significant direct influence remains. All technology charac- 
teristics but the amount of work related to wood pellet heating 
have the expected influences on attitude and perceived behavioral 
control. Functional reliability has the strongest impact, especially 
on perceived behavioral control. Substantial amounts of variance 
are predicted in most dependent variables in the path analy- 
sis. 

Model fit indices presented in Table 3 indicate an acceptable fit 
of model and empirical data. This means that the proposed model 


Table 3 
Model fit indices of the tested path model. 
Index 
Chi? /df|p 106.772/364/<0.001 
CFI 0.949 
TLI 0.936 
RMSEA 0.052> 


a Due to the WLSMV-estimator the degrees of freedom for the Chi?-test have to 
be estimated (see the technical appendix to the MPLUS users guide for more advice 
[42]). 

b Due to the WLSMV-estimator a confidence interval for the RMSEA index could 
not be computed. 
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is capable of reproducing the observed variance-covariance matrix 
to a large extend. 


5. Discussion 


The goal of the present study was to test a proposed complex 
model of technological and psychological characteristics predict- 
ing wood pellet heating adoption in Norwegian households. The 
integrated model combining CADM, perceived technological char- 
acteristics of wood pellet heating as well as values was tested 
against empirical data using a path analysis. The results (see 
Table 2) indicated that the model received reasonable support by 
the empirical data and is able to explain 56% of variation in the 
variable underlying heating system choice. This implies that the 
integrated model is a promising approach to explain choice behav- 
ior of wood pellet heating and analyzing its diffusion processes. 

Although the analysis is based on correlational data only and 
thus does not allow inference of causal relations the results (Fig. 1) 
seem to indicate, that the adoption of wood pellet heating is a 
process that is mainly guided by the “technology characteristics 
translated into attitudes translated into intentions” chain. The pro- 
cess is to a large extent characterized by rational decision making, 
weighing up the pros and cons of different heating technologies 
with respect to their technological characteristics. Not all informa- 
tion is, however, processed along the lines of attitude formation: 
a substantial amount of information processing seems to go along 
perceived control. Some of the heating system characteristics (func- 
tional reliability and costs) seem to be even more important for 
forming a representation of control, which means how much a 
person feels capable of showing a behavior, than they are for form- 
ing an attitude. That means that even if a possible adopter of 
wood pellet heating formed a positive attitude towards wood pel- 
let heating the subjective evaluation of functional reliability and 
costs could interfere with acting according to the positive atti- 
tude. Another important finding is that even if the influence of 
habits, as expected, is small in magnitude compared to the impact 
of intentions and perceived behavioral control, it has still a sig- 
nificant impact. Even if habits are conceptualized differently in 
the present study than in previous studies [21], the reduction of 
complexity in the decision making process indicated by using a 
repetitive strategy was demonstrated to have an impact in disfavor 
of new technologies. This may indicate a cognitive lock-in of some 
people, which was also demonstrated in previous research [25,26]. 
Traditionalized heating system choices (such as the reliance on 
electrical heating in Norway) could therefore interfere with the 
adoption process. General values influence behavior mediated by 
several sub-steps, confirming that values affect behavior indirectly 
through specific values, norms and intention [33,46]. The influence 
of values and norms on the decision process is minor (although 
mostly as theoretically expected). Personal norms have only a weak 
impact on attitudes. The mediated impact of basic or environmental 
values is even smaller. This means that strengthening environmen- 
tal values and norms seems not to be a promising driver of the 


3 The fit of the model was evaluated using different types of fit indexes including 
the relative Chi-square (normal or normed Chi-square), comparative fix index (CFI), 
Tucker-Lewis Index (TLI), and root mean square error of approximation (RMSEA). 
Different researchers have recommended using relative Chi-square to degrees of 
freedom ratio as low as 2 or as high as 5 to indicate a reasonable fit [51-53]. The ratio 
in the present study is approximately 3 and lies within this margin. The Chi?-test 
comes out significant due to the sample size. CFI and TLI were chosen as additional 
model fit indices because they are independent of sample size or less sensitive to 
sample size. CFI and TLI should be equal to or greater than 0.90 in order for the 
model to be accepted [54], and in this case is satisfied for both measures. Following 
convention a RMSEA less than or equal to 0.08 were judged as providing a reasonable 
fit to the data, again was met in this analysis. 


diffusion of wood pellet heating, at least not in a situation with 
such limited market share and weak social support of wood pellet 
users. 

Although the analysis confirmed most of our hypotheses stated 
in the theoretical background, some results were unexpected. 
Those will be addressed in the following paragraph. Firstly, there 
is the unexpected negative direct influence of personal norms on 
intention (parallel to the expected positive influence mediated by 
attitudes). This seems to be a slight negative suppressor effect that 
should not be interpreted theoretically. The correlation table in 
Appendix B indicates that the bivariate correlation between heating 
system choice and personal norms is positive as expected. Sim- 
ilar suppressor effects have been shown before [24] and might 
have been caused by a relevant overlap between personal norms 
and other variables. Secondly, social norm lacks to have a signif- 
icant influence on personal norm and intention. This contradicts 
the results by Ek and Söderholm [47] revealing that social influ- 
ence affects individual consumption behavior in the green energy 
market. We attribute our finding to the unusual operationalization 
of social norms in the present study (estimated amount of influ- 
ence), which was chosen due to needs outside the scope of the 
analysis reported here. As the direction of the social influence is 
not specified it could be that social influence in favor and in disfa- 
vor of wood pellet heating even out. Thirdly, at least the missing 
influence of the NEP subscale “limits to growth” on personal norms 
can be explained by the obvious lack of a three dimensional struc- 
ture. Balance of nature and limits to growth correlate so strongly 
that they cannot be differentiated into two factors. This finding 
is much in line with arguments presented by Dunlap et al. [48]. 
They propose that the structure of the NEP is one dimensional (in 
spite of other research findings) and that the very common two 
dimensional structure with “human domination” as additional fac- 
tor is a methodological artifact caused by the negative wording 
of the subscales items. This would explain why all shared varia- 
tion between personal norms and the NEP subscale is captured by 
the strongest subscale “balance of nature”. Finally, the insignificant 
relation between the evaluation of work connected to wood pellet 
heating and attitudes and perceived behavioral control could mean 
that this aspect is not relevant in the evaluation process or that 
variation between people on this aspect is to such a large amount 
overlapping with the other aspects that its influence is sufficiently 
captured by them (see Appendix B for correlations of “work” with 
the other heating system characteristics). 

Although the study presented here offers an interesting and 
promising perspective on the adoption of wood pellet heating, 
some limitations have to be discussed: firstly, the adoption process 
is modeled retrospectively which makes the validity of the results 
questionable to a certain extent. Maybe, wood pellet users adapted 
their cognitive mind set, their attitudes, etc. after they made the 
decision for wood pellet heating. As the temporal order of events 
in the present study is reversed in the analysis and data is analyzed 
on a correlational basis, no conclusion about causal relations can 
be drawn. Thus, a study following people through the process of 
deciding for a heating system and measuring the variables several 
times throughout the process would be extremely insightful. We 
are nevertheless convinced that the structure of the model holds, 
because it could be replicated in other domains (travel mode choice 
and waste recycling) were behavior was predicted prospectively 
[21,29]. Secondly, although variance in attitude is predicted by 65% 
and variance in perceived behavioral control by 40%, the selec- 
tion of heating system characteristics is far from being complete. 
Other aspects like design, image, space in the house to install the 


4 Such suppressor effects are common in analyses using the WLSMV estimator. 


B.M. Sopha, C.A. Klöckner / Renewable and Sustainable Energy Reviews 15 (2011) 2756-2765 2763 


stove, etc. might be important that were not included in the present 
study. Rakos [49] reported that one of the factors that contributed 
to the success of wood pellet heating in Austria were technological 
characteristics, such as fully automatic operation, beautiful design, 
and the high quality and comfort offered by wood pellet heat- 
ing. Thirdly, it has to be analyzed how specific the results are to 
Norway and the wood pellet technology studied here. Can the pro- 
posed model be applied to diffusion of other technologies? Can it 
be applied to other countries? We expect that the model structure 
should be stable over products and countries, but that the impor- 
tance of the different components might vary. The impact of habits 
should for example be the stronger, the more often implementa- 
tion behavior is shown. Maybe, the influence of values and norms 
is stronger in technology domains that are closer to people’s self 
definition (for example in medicine). Maybe, social norms have a 
stronger influence when the market share of a product is higher, 
especially if the product becomes part of a certain life style (as the 
iPhone for example). 

For the diffusion of wood pellet technology in Norway the results 
may have important implications. If the Norwegian government 
wants to speed up the diffusion process, improvement of the sub- 
jective evaluation of the functional reliability and the costs related 
to wood pellet heating should have first priority. Focusing on val- 
ues or norms should not be of highest priority at the moment, but 
might be later, when the market share is larger and a significant 
number of people use wood pellet heating that could form a social 
reference group proposing the environmental values of wood pel- 
let heating. Then people with most post-materialistic values would 
be the most likely candidates to adopt wood pellet heating. Con- 
sidering the small but significant influence of habitual decision 
making it could be important to motivate people to actually actively 
make a choice when they are about to install a new heating system 
and reduce cognitive lock-in. Procedures reducing customer loy- 
alty in decision making which might be considered as an example 
of such a lock-in have been discussed in Garling et al. [26]. Present- 
ing alternatives and increase decisional involvement could be other 
promising strategies. 
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Appendix A. 


Likert scale coded as 1 (totally disagree)-7 (totally agree) 
Personal Ecological Norm 


1. Due to my values/principles I feel personally obliged to use an 
environmentally friendly heating system. 

2. The aspect of environmental protection in deciding for a heating 
system is solidly anchored in my value system. 


Intention 


1. When I decide next time for a new heating system, my intention 
to use wood pellet heating is strong. 
2. I intent to use wood pellet heating. 


Attitudes 


. It would be good using wood pellet heating. 
. It would be valuable to use wood pellet heating. 


NR 


Perceived behavioral control 


1. If I wanted I could easily use wood pellet heating. 
2. It would be easy to meet my need for home heating using wood 
pellet heating. 


Functional reliability - the degree to which wood pellet heating 
is reliable 


1. I think that wood pellet heating results in less breakdowns. 
2. Wood pellet heating is reliable. 


Indoor air quality - the degree to which wood pellet heating 
provides high indoor air quality 


1. Poor quality of indoor air is produced by wood pellet heating. 
2. Using wood pellet heating results in clean and not too dry indoor 
air. 


Total cost (investment and operational cost) - the degree to which 
wood pellet heating is affordable 


1. Wood pellet heating is too expensive to have. 
2. I believe that wood pellet heating would cost more than I could 
afford. 


Work related to operation and maintenance — the degree to which 
wood pellet heating requires work related to operation and main- 
tenance 


1. Iwould have to do operation and maintenance work if I am using 
wood pellet heating. 

2. Lots of work related to operation and maintenance is required 
for wood pellet heating. 


Supply security — the degree to which the fuel for wood pellet 
heating is easy to find with stable price 


1. It is easy to find the fuel with the stable price for wood pellet 
heating. 

2. The fuel for wood pellet heating is available with almost the same 
price. 


Likert scale coded as 1 (totally disagree) - 5 (totally agree) 
Degree of post-materialism value 
How should our society look? 


1. A society that gives higher priority to environmental protection 
than to economic development. 

. Asociety that tries to create prosperity but not at the cost of risk. 

3. A society that in the first instance emphasizes job satisfaction as 
the fruit of human labor. 

4. A society in which individuals are judged primarily on the basis 
of their human qualities. 

5. A society with numerous possibilities for citizens to take part in 
the political process. 

6. A society that makes an effort to maintain nature as it is. 


N 


New Environmental Paradigm (NEP) 
Balance of nature: 


1. Human must live in harmony with nature in order to survive. 
2. Humankind is severely abusing the environment. 
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Limits to growth: 


1. The earth is like a spaceship with only limited room and 
resources. 

2. There are limits to growth beyond which our industrialized soci- 
ety cannot expand. 


Human domination: 


1. Humankind was created to rule over the rest of nature. 
2. Plants and animals exist primarily to be used by humans. 


Appendix B. Correlation table of scales and constructs 
(N=737). 


(a) (b) (c) (d) (e) (f) (g) (h) (i) G) (k) (1) (m) (n) (0) (p) 

a) Wood pellet? 

b) INT 0.71" 

c) HAB —0.29*" —0.17” 

d) PBC 0.66 0.75™ —0.08 

e) ATT 0.61 085° —-0.15" 0.77” 

f) PN 0.13" 017 -0.10° 0.16 0.24 

g) SN 0.10° -0.11" -0.26™ -0.09" -0.06 -0.01 

h) SSEC 0.29" 0.40 0.00 035° 040° 017° —0.10" 

i) WORK 0.29" —0.36™ 0.02 —0.37"" —0.36"" —0.10" 0.07" —0.27"" 

j) FR 0.37" 0.58 0.05 0.59% 0.62 022° —0.08" 042° -0.51"" 

k) IAQ 0.34 038° -012" 033° 037% 013° -0.077° 026° -0.36 039°" 

1) COSTS 0.41" —0.39"" 0.16" —0.40"" —0.38"" —0.09" 0.08" -0.31"" 0.42"  —0.33™" —0.29"" 

m) NEPgon 0.03 0.08" —0.12" 0.08" 0.13 041" 0.05 0.04 0.03 0.03 0.05 —0.10" 

n) NEPit¢ 0.03 0.03 -0.06 0.06 0.11” 0.27" 0.05 0.05 —0.01 0.08 0.03 —0.05 059° 

o) NEPup 0.04 0.07" 0.07 0.06 0.04 —0.01 —0.02 0.06 —0.01 0.02 —0.00 0.09"  -0.12" —0.04 

p) PMAT 0.03 0.07 —0.10 0.07 014° 034" 0.00 0.13 -0.04 010° 0.08 —0.03 049°" 0.48 —0.05 

a The variable of wood pellet is dichotomous: no variance is calculated, correlations are based on logits. 

* p<0.05. 

* p<0.01. 

= p<0.001. 

[19] Schwartz SH, Howard JA. A normative decision-making model of altruism. 
In: Rushton JP, editor. Altruism and helping behavior. Social, person- 
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